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SUMMARY 

We p r e s e n t  i n  t h i s  r e p o r t  t h e  r e s u l t s  o f  s u r f a c e  
c h a r a c t e r i z a t i o n  of  2% and  1 %  ( w / w >  P t  o n  SnO c a t a l y s t s  w h i c h  
a r e  b e i n g  u s e d  i n  p r o m o t i n g  t h e  o x i d a t i o n  o f  $ 0  i n  p u l s e d  C 0 2  
l asers .  The N 2  a d s o r p t i o n  BET s u r f a c e  a r ea  f o r  b o t h  c a t a l y s t s  i s  69 m /g. The C O  chemisorbed  area a t  313K i s  0.17 m2/g a n d  0.062 
m / g  f o r  t h e  2% and  1 %  c a t a l y s t s  r e s p e c t i v e l y .  M o n i t o r i n g  t h e  
r e a c t i o n  b e t w e e n  C O a n d  O 2  b y  t h e  same t e c h n i q u e ,  a t  t h e  same 
t e m p e r a t u r e  y i e l d s  3 t u r n - o v e r  f r e q u e n c y  (TOF) f o r  t h e  2% 
c a t a l y s t  of  2.7 x 1 0  m o l e c u  es  of C02 / s i t e / s  a n d  f o r  t h e  1 %  

c a t a l y s t s  i s  2.2 w h i c h  is  a p p r o x i m a t e l y  t h e  r a t i o  o f  t h e  P t  
l o a d i n g .  

c a t a l y s t  a v a l u e  of  1.2 x 10 3 . The r a t i o  of  t h e  TOFs f o r  t h e  t w o  

I N T R O D U C T I O N  

The d e t e r m i n a t i o n  of  t h e  mechanism f o r  t h e  c a t a l y t i c  
o x i d a t i o n  of C O  r e q u i r e s  t h e  m e a s u r e m e n t  o f  t h e  number  of CO 
m o l e c u l e s  t h a t  a r e  c a p a b l e  of  b e i n g  adsorbed  by  t h e  c a t a l y s t .  
I n i t i a l  a t t e m p t s  t o  m e a s u r e  t h e  amount  of CO a d s o r b e d  upon t h e  
o x i d e - s u p p o r t e d  P t  c a t a l y s t  u t i l i z e d  t h e  p u l s e  t e c h n i q u e  f i r s t  
desc r ibed  i n  r e f e r e n c e s  1 - 4 .  However ,  t h e  i n i t i a l  m e a s u r e m e n t s  
p r o v e d  t o  be q u i t e  u n r e l i a b l e  s i n c e  t h e  c a t a l y s t  was c a p a b l e  of  
b e i n g  r e d u c e d  by t h e  C O  e v e n  a t  t h e  moderate t e m p e r a t u r e  (313K) 
where t h e  m e a s u r e m e n t  was p e r f o r m e d .  The d e t e c t o r  was n o t  a b l e  t o  
d i s c e r n  b e t w e e n  r e a c t a n t  CO a n d  p r o d u c t  C 0 2  m a k i n g  i t  i m p o s s i b l e  
t o  d e t e r m i n e  t h e  amoun t  of  C O  a d s o r b e d .  Any a t t e m p t  t o  p u r s u e  
t hese  m e a s u r e m e n t s  a t  t h e  h i g h e r  t e m p e r a t u r e s  where t h e  c a t a l y s t  
w o u l d  b e  e x p e c t e d  t o  o p e r a t e  wou ld  a l s o  b e  f r u i t l e s s .  

The p u l s e  t e c h n i q u e  was then m o d i f i e d  t o  i n c l u d e ,  f o l l o w i n g  
t h e  p r o c e d u r e  d e s c r i b e d  i n  r e f e r e n c e  5 ( d e v e l o p e d  t o  s t u d y  t h e  
m e t h a n a t i o n  of  C O ) ,  a p a c k e d  co lumn a f t e r  t h e  c a t a l y s t  t o  a l l o w  

I f o r  t h e  s e p a r a t i o n  a n d  a n a l y s i s  o f  t h e  r e a c t a n t s  a n d  p r o d u c t s .  
The a m o u n t  o f  p r o d u c t  p r o d u c e d  and t h e  a m o u n t  o f  ma te r i a l  l e f t  
upon t h e  s u r f a c e  c o u l a ,  t h e n ,  be d e t e r m i n e d .  T h i s  r e p o r t  i s  a 
summary  of these  m e a s u r e m e n t s  f o r  t h e  two c a t a l y s t s  c u r r e n t l y  
b e i n g  e m p l o y e d  a t  NASA-Langley for  t h e  c a t a l y t i c  o x i d a t i o n  of C O ,  ! 

I 1 BPt-Sn02 a n d  2%Pt -Sn02 .  
, 
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EXPERIMENTAL 

The e x p e r i m e n t a l  a p p a r a t u s  c o n s i s t s  o f  a S h i m a d z u  g a s  
c h r o m a t o g r a p h  w i t h  a "CTR" c o l u m n  o b t a i n e d  f r o m  A l l t e c h  w h i c h  
e n a b l e s  t h e  q u a n t i t a t i v e  s e p a r a t i o n  of  C O  a n d  C O ? .  The c a t a l y s t  
i s  p l a c e d  on a f r i t  l o c a t e d  p r i o r  t o  t h e  c o l u m n  i n  t h e  same 
c o n t a i n m e n t  area a s  t h e  c o l u m n .  A p p r o x i m a t e l y  0 . l g  of  c a t a l y s t  
c a n  be p l a c e d  upon t h e  f r i t .  The e x a c t  w e i g h t  f o r  each c a t a l y s t  
sample is  d e t e r m i n e d  w i t h  a n  a n a l y t i c a l  b a l a n c e  h a v i n g  a n  
a c c u r a c y  of 0.1 mg. The c a t a l y s t  a n d  c o l u m n  a r e  u n d e r  He f l o w  a t  
a l l  t i m e s  w i t h  a f l o w  r a t e  o f  4 0  sccm a n d  a t e m p e r a t u r e  o f  313K. 
The d e t e c t o r  is a thermal  c o n d u c t i v i t y  d e t e c t o r  whose  r e s p o n s e  
f o r  each g a s  i s  c a l i b r a t e d  u s i n g  s t a n d a r d s  o f  known c o n c e n t r a t i o n  
w i t h  Ne added  as  a n  i n t e r n a l  s t a n d a r d .  For  C O  a d s o r p t i o n  t h e  t e s t  
gas  i s  5 % C O  i n  He o b t a i n e d  from S c o t t  S p e c i a l t y  Gases. The 
i n j e c t i o n s  o n t o  t h e  c a t a l y s t  a r e  per formed u s i n g  t h e  1 m L  s a m p l e  
i n j e c t i o n  Joop  of t h e  Gas Chromatograph.  Each i n j e c t i o n  c o n t a i n e d  
2.05 x 10-  moles o f  CO. We a l s o  per formed c h e m i s o r p t i o n  s t u d i e s  
w i t h  gas  m i x t u r e s  t h a t  c o n t a i n e d  l % C O  a n d  0.5% 0 i n  He The 
i n j e c t i o n  s i z e  w s a l s o  1 m L  c o r r e s p o n d i n g  t o  4.0 2s x 1 O - ?  m o l e s  o f  
C O  a n d  2.05 x IO-? m o l e s  of O 2  a t  each i n j e c t i o n .  The 1 % -  a n d  2%-  
P t / S n 0 2  c a t a l y s t s  were o b t a i n e d  from E n g l e h a r d  I n d u s t r i e s  as  a 
c a t a l o g  i t e m .  The method of  s y n t h e s i s  i s  r ega rded  a s  p r o p r i e t a r y  
i n f o r m a t i o n .  The P t  l o a d i n g  i s  a weight  p e r c e n t  g i v e n  by t h e  
m a n u f a c t u r e r  w i t h  no  f u r t h e r  a t t e m p t  made t o  d e t e r m i n e  t h e  
p r e c i s e  P t  l o a d i n g  o f  t h e  c a t a l y s t .  Due t o  t h e  c u r r e n t  
l i m i t a t i o n s  of t h e  e x p e r i m e n t a l  d e s i g n ,  w h i c h  p l a c e d  t h e  c a t a l y s t  
a n d  t h e  c o l u m n  i n  t h e  same G C  o v e n ,  t h e  c a t a l y s t  was n o t  
p r e t r e a t e d .  A l l  of  t h e  d a t a  r e p o r t e d  h e r e i n  i s ,  t h e n ,  f o r  t h e  
c a t a l y s t  on a n  a s  r e c e i v e d  b a s i s .  

The s u r f a c e  area of  each c a t a l y s t  was d e t e r m i n e d  b y  t h e  
B r u n a u e r -  E m m e t  t -Te l  l e r  ( B E T )  me thod  u s i n g  a commercial i n s t r u m e n t  
m a n u f a c t u r e d  b y  Q u a n t a c h r o m e  c o r p o r a t i o n .  The c a t a l y s t  was p l aced  
i n  a g l a s s  u - t u b e  a n d  i m m e r s e d  i n  l i q u i d  N 2 .  The t o t a l  a m o u n t  o f  
N 2  g a s  a b s o r b e d  a t  d i f f e r e n t  p a r t i a l  p r e s s u r e s  o f  N 
d e t e r m i n e d  and t h e  s u r f a c e  a r ea  was c a l c u l a t e d .  Fo r  
1 % P t / S n 0 2  and  t h e  2 % P t / S n @  c a t a l y s t s  t h e  d e t e r m i n e d  s u r f a c e  a r ea ,  
by N 2  a d s o r p t i o n  was 6.9m /g .  

R E S U L T S  A N D  D I S C U S S I O N  

The p r o g r e s s  of  t h e  a d s o r p t i o n  e x p e r i m e n t  w i t h  i n j e c t i o n s  o f  
5% C O  i n  He f o r  b o t h  c a t a l y s t s  is  s u m m a r i z e d  i n  f i g u r e  1 .  F o r  
b o t h  c a t a l y s t s  t h e r e  is  a n  i n i t i a l  p r o d u c t i o n  o f  C 0 2  i n d i c a t i n g  
t h a t  t h e  s u r f a c e  is  n o t  i n  a n  e n t i r e l y  r e d u c e d  s t a t e .  The C 0 2  
p r o d u c t i o n  d e c r e a s e s  r a p i d l y  r e a c h i n g  a low l e v e l  a f t e r  a few 
i n j e c t i o n s .  The C O  s i g n a l  r a p i d l y  i n c r e a s e s  a p p r o a c h i n g  t h e  l e v e l  
t h a t  i s  observed  w i t h  no c a t a l y s t  p r e s e n t  i n  t h e  s y s t e m .  The 
i n j e c t i o n s  were  r o u t i n e l y  p e r f o r m e d  a t  c o n s t a n t  t ime i n t e r v a l s  of 
1 3  m i n . H o w e v e r ,  t h e r e  were some b r e a k s i n  t h e  d a t a  s i n c e  t h e  
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e n t i r e  s e r i e s  o f  i n j e c t i o n s  were done manua l ly .  The l o n g e s t  b r e a k  
i n  t h e  da t a  was f o r  a p p r o x i m a t e l y  1.5 h r s .  When t h e  e x p e r i m e n t  
was r e s u m e d ,  a t  t h e  2 0 t h  i n j e c t i o n  f o r  t h e  2% Pt-SnO c a t a l y s t ,  

c o n c o m i t a n t  decrease i n  t h e  amount of CO de t ec t ed .  I t  would 
a p p e a r  as  i f  t h e  s u r f a c e  o f  t h e  c a t a l y s t  had r e o x i d i z e d  d u r i n g  
t h i s  p e r i o d  o f  t ime s i n c e  t h e  resultant behavior resembled that 
of t h e  f r e s h  c a t a l y s t .  However, t h e  c a t a l y s t  was k e p t  unde r  a 
c o n s t a n t  f l o w  o f  p u r e  H e l i u m  d u r i n g  t h e  e n t i r e  b r e a k  p e r i o d  
making r e o x i d a t i o n  o f  t h e  s u r f a c e  an  u n l i k e l y  e v e n t .  Rather  some 
s o r t  of r e l a x a t i o n  of t h e  s u r f a c e  seems t o  have  o c c u r r e d  
p r o d u c i n g  s u r f a c e  s i t e s  t h a t  a re  c a p a b l e  o f  b e i n g  r e d u c e d  by  t h e  
CO. T h i s  phenomenon of s u r f a c e  r e c o v e r y  is  even  more pronounced 
when t h e  s t o i c h i o m e t r i c  r e a c t i o n  m i x t u r e  i s  r u n  by t h e  p u l s e  
t e c h n i q u e  as  w i l l  b e  d i s c u s s e d  below. 

t h e  C O z  p r o d u c t i o n  was found t o  have i n c r e a s e d  marke 2 l y  w i t h  a 

Dur ing  t h e  e n t i r e  t i m e  p e r i o d  c o v e r e d  by  t h e  i n j e c t i o n s  a 
small  b u t  s i g n i f i c a n t  amount of t h e  i n j e c t e d  CO i s  n o t  d e t e c t e d  
as  e i t h e r  C O  o r  C O  . I t  i s  assumed t h a t  t h e  d i f f e r e n c e  be tween  
t h e  t o t a l  number OF moles  of CO i n j e c t e d  and t h a t  which  a p p e a r s  
a t  t h e  d e t e c t o r  a s  e i t h e r  C O  o r  C 0 2  i s  t h e  n u m b e r  o f  m o l e s  o f  C O  
t h a t  is  p h y s i s o r b e d  or  chemiso rbed  by  t h e  c a t a l y s t  f o r  each 
i n j e c t i o n .  The t o t a l  number of moles  o f  C O  a d s o r b e d  c a n  be 
e x p r e s s e d  a s  a f r a c t i o n  of t h e  t o t a l  n u m b e r  o f  m o l e s  of  P t  
p r e s e n t  i n  t h e  c a t a l y s t ,  a q u a n t i t y  o f t e n  r e f e r r e d  t o  as  t h e  
d i s p e r s i o n  o f  t h e  c a t a l y s t ,  i n  order t o  compare c a t a l y s t s  of 
d i f f e r i n g  amoun t s  o f  a d d e d  metal .  The v a r i a t i o n  o f  t h e  d i s p e r s i o n  
as  t h e  number o f  i n j e c t i o n s  is increased is  shown i n  f i g u r e  2. As 
m i g h t  b e  e x p e c t e d t h e 1 8  P t - S n 0 2 c a t a l y s t l e v e l s  o f f  a t  a 
c o n s i d e r a b l y  l o w e r  v a l u e  t h a n  t h a t  o f  t h e  2 %  Pt-Sn02 c a t a l y s t .  
Indeed ,  t h e  d i s p e r s i o n  fo r  t h e  2% c a t a l y s t  has n o t  l e v e l e d  a f t e r  
58 i n j e c t i o n s  w h i l e  t h e  1 %  c a t a l y s t  appears  t o  have  l e v e l e d  a f t e r  
t h i r t y  two  i n j e c t i o n s .  The d i s p e r s i o n  is  q u i t e  low f o r  b o t h  
c a t a l y s t s  a t t a i n i n g  v a l u e s  of 1 .2  x and 1.8 x f o r  t h e  
1 %  and t h e  2% c a t a l y s t s  r e s p e c t i v e l y .  If w e  assume t h a t  t h e  
a d s o r p t i o n  i s  a m o n o l a y e r  a n d  e a c h  C O  i s  bound  b y  o n e  P t  a t o m  
t h e n  t h e  a m o u n t  o f  P t  a t  t h e  s u r f a c e  t h a t  i s  c a p a b l e  o f  a c t i n g  a s  
a n  a d s o r p t i o n  s i t e  f o r  CO i s  o n l y  s l i g h t l y  g rea te r  t h a n  1 %  o f  t h e  
t o t a l  P t  p r e s e n t  i n  b o t h  c a t a l y s t s .  The i m p l i c a t i o n  is  t h a t  t h e r e  
is  n o t  a g rea t  dea l  o f  P t  p resent  a t  t h e  s u r f a c e  i n  e i t h e r  
c a t a l y s t .  The l a t t e r  s t a t e m e n t  h a s  been c o n f i r m e d  by r e c e n t  E S C A  
measurements of this catalyst (G. Hoflund, University of F l o r i d a ,  
private communication). If we further assume that the cross- 
sectional area of an adsorbed CO is 1.63 x 10-19 m2 (6) then 
the amount of surface area covered by the CO is 0.17 m2/g and 
0.062.m2/g f o r  t h e  2% and t h e  1 %  c a t a l y s t s  r e s p e c t i v e l y .  For t h e  
2% c a t a l y s t  t h e  C O  c o v e r a g e  i s  2.5% o f  t h e  N 2  BET s u r f a c e  a rea ,  
f o r  t h e  1 %  c a t a l y s t  t h e  p e r c e n t a g e  of  BET area c o v e r e d  is  0.9%. 

The p r o g r e s s  o f  t h e  c a t a l y z e d  r e a c t i o n  be tween  oxygen a n d  
c a r b o n  monoxide 

2co + 02 - c02 
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may a l s o  b e  f o l l o w e d  by  t h e  p u l s e  t e c h n i q u e .  The r e s u l t s  
e x p r e s s e d  i n  t e rms  o f  p e r c e n t  l o s s  o f  b o t h  O2 and CO and t h e  
p e r c e n t  y i e l d  o f  C O  a r e  s h o w n  i n  f i g u r e  3 f o r  b o t h  t h e  1 %  a n d  

2% c a t a l y s t  r emov ing  a p p r o x i m a t e l y  90% o f  t h e  C O  and and  y i e l d i n g  
a l m o s t  78% o f  t h e  p o s s i b l e  C 0 2 .  The a c t i v i t y  o f  b o t h  c a t a l y s t s  
d e c l i n e s  r a t h e r  r a p i d l y  t e n d i n g  t o  l e v e l  o f f  a f t e r  5 - 1 0  
i n j e c t i o n s  o f  t h e  s t o i c h i o m e t r i c  r e a c t i o n  m i x t u r e  w i t h  n e i t h e r  
c a t a l y s t  e x h i b i t i n g  t h e  pronounced  minimum t h a t  i s  e v i d e n c e d  i n  
t h e  l o n g  t e r m ,  c o n t i n u o u s  f l o w  s t u d i e s  p e r f o r m e d  upon t h e s e  
c a t a l y s t s  a t  h i g h e r  t e m p e r a t u r e  r a n g e  o f  328 t o  373K. Compar ison  
o f  t h e  y i e l d s  a f t e r  t h i r t y  i n j e c t i o n s  shows t h a t  t h e  2% c a t a l y s t  
i s  a p p r o x i m a t e l y  f o u r  t imes a s  e f f i c i e n t  i n  t e rms  of CO y i e l d  as  
t h e  1 %  c a t a l y s t  a l t h o u g h  t h e  t r e n d  i n  y i e l d  f o r  b o t h  c a t a l y s t s  is 
downward. 

t h e  2 %  c a t a l y s t s .  Bo z h c a t a l y s t s  a r e  q u i t e  a c t i v e  i n i t i a l l y  w i t h  

I f  we c o m p a r e  t h e  a m o u n t  o f  C O  a d s o r b e d  o n  t h e  P t  s u r f a c e  
f o r  b o t h  c a t a l y s t s  we observe a r e v e r s a l  o f  form when oxygen i s  
p r e s e n t  i n  t h e  s y s t e m .  A s  i s  shown  i n  f i g u r e  4 t h e r e  i s  now m o r e  
C O  p e r  m o l e  o f  P t  a d s o r b e d  on  t h e  c a t a l y s t  f o r  t h e  1 %  c a t a l y s t  
t h a n  f o r  t h e  2% c a t a l y s t .  The d i f f e r e n c e  is  s i g n i f i c a n t .  I n  t h e  
case o f  t h e  2 %  c a t a l y s t  t h e  d i s p e r s i o n  is  a p p r o x i m a t e l y  t h e  same 
as  t h a t  when t h e  C O  i s  added  a l o n e .  For  t h e  1 %  c a t a l y s t  t h e  
d i s p e r s i o n  is  a p p r o x i m a t e l y  t e n  t imes  t h a t  which was d e t e r m i n e d  
when t h e  C O  was p r e s e n t  i n  t h e  g a s  m i x t u r e  w i t h o u t  oxygen. 

An a l t e r n a t i v e  way o f  compar ing  t h e  two c a t a l y s t s ,  which 
d i f f e r ,  c h e m i c a l l y ,  o n l y  by t h e  amount  o f  P t  l oad ,  is t o  r a t i o  
t h e  n u m b e r  o f  m o l e s  o f  p r o d u c t  p e r  s e c o n d  t o t h e  n u m b e r  o f  a c t i v e  
s i t e s  a v a i l a b l e  f o r  r e a c t a n t  a b s o r p t i o n .  T h i s  r a t i o  i s  r e f e r r e d  
t o  i n  t h e  l i t e r a t u r e  as t h e  t u r n - o v e r  f r e q u e n c y  (TOF)  a n  
e f f e c t i v e  n o r m a l i z a t i o n  o f  c a t a l y s t  r e a c t i o n  r a t e  by  a number 
w h i c h  is  c h a r a c t e r i s t i c  of  t h e  c a t a l y s t  s u r f a c e .  If we as sume  
t h a t  t h e  r e  i d e n c e t i m e  i s  a s  c a l c u l a t e d  i n  r e f e r e n c e  7 t h e  TOF 

1.2 x 10' m o l e c u l e s  o f  C O  / s i t e / s e c  f o r  t h e  1 %  c a t a l y s t .  The 
r a t i o  of  t h e  TOF f o r  t h e  3% c a t a l y s t  t o  t h a t  o f  t h e  1 %  c a t a l y s t  
is 2.2,  a p p r o x i m a t e l y  e q u a l  t o  t h e  P t  l o a d i n g  r a t i o .  The maximum 
TOF is c o n s i d e r a b l y  l o w e r  t h a n  t h a t  r e p o r t e d  i n  t h e  l i t e r a t u r e  on 
o t h e r  o x i d e - s u p p o r t e d  c a t a l y s t s .  However, t h e  t e m p e r a t u r e  u s u a l l y  
s t u d i e d  i s  373K r a t h e r  t h a n  t h e  313K p e r f o r m e d  here. I f ,  as  a 
rough  a p p r o x i m a t i o n ,  w e  assume t h a t  t h e  r e a c t i o n  r a t e  d o u b l e s  f o r  
e v e r y  1 0 K  r i  e i n  t e m p e r a t u r e  t h e  TOF a t  3 7 3  f o r  t h e  2 %  c a t a l y s t  
is 17.1 x IO? molecules o f  C O  / s i t e / s ec .  T h i s  l a t t e r  number 

Rh/Si02 and t h e  RU-Rh/Si02 r e p o r t e d  in t h e  l i t e r a t u r e  a t  373K w i t h  
s t o i c h i o m e t r i c  gas  m i x t u r e s  ( 8 ) .  

i s  2.7 x 1 0  3 m o l e c u l e s  of  C 0 2 / s i t e / s e c  f o r  t h e  2% c a t a l y s t  and  

compares  q u i t e  f a v o r a b l y  t o  t 21 e TOFs r e p o r t e d  f o r  Ru/SiOZ, 
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Figure 1: Fraction of Carbon Dioxide produced ( lower)  or Carbon 
Monoxide remaining (upper) for injections of 5% CO i n  Helium. 
+ , 0 1 %  Pt/SnO2, 0, A 2% Pt/Sno2 
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Figure 2: Dispersion as a function o f  injection fo r  
0 1% Pt/Sn02 and + 2% PtSn02 
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